H
ospital-acquired infections disproportionately affect critically ill patients, with nearly one in five nosocomial infections acquired in the ICU. 1 Nosocomial bloodstream infections (BSIs) in particular present a significant challenge in the care of critically ill patients. Although controversy exists regarding the attributable mortality of these infec-tions, multiple reports 2, 3 have documented that bacteremia arising in the ICU increases both length of stay and hospital costs. For example, one study 4 documented that nosocomial bacteremia adds Ͼ 7 days to the duration of ICU hospitalization and leads to Ͼ $20,000 in excess costs. The growing prevalence of antibiotic-resistant organisms coupled with the increasing severity of illness seen in ICU subjects has further complicated the management of these BSIs.
Current efforts to address the burden of nosocomial infection in the ICU have focused on prevention. Common approaches emphasize more judicious use of antibiotics, improved hand hygiene, and the cohorting of patients having infection or colonization with resistant pathogens. 5, 6 Specific attempts to prevent catheter-related BSIs have included improved care of central venous catheters (CVCs), use of chlorhexidine rather than povoidodine for site preparation prior to CVC insertion, and routine employment of full barrier drapes. 7, 8 Suggestions for avoiding secondary nosocomial bacteremia (eg, bacteremias that develop subsequent to an infection at another site) generally address the prevention of other ICU-acquired infections, such as ventilator-associated pneumonia. 9 Efforts at prevention originate from an improved understanding of the factors associated with the development of nosocomial infection. Transfusion of packed RBC (pRBCs) has emerged as a potential risk factor for nosocomial infection. For example, Claridge et al 10 revealed that pRBC transfusion independently increased the risk for nosocomial infection in critically ill trauma patients. Similarly, Taylor and coworkers 11 documented a correlation between the administration of pRBCs and nosocomial infections. Most prior investigations into the link between transfusion and infection have been limited because they describe single-center rather than multicenter experiences or have pooled all infections into a common end point. Such limitations expose these investigations to confounding and various forms of bias. More conclusive evidence of a relationship between transfusion and nosocomial infection must arise from more heterogeneous populations of critically ill patients. Similarly, since the risk factors for various types of ICU-acquired infections differ, it is also important to explore the relationship between specific nosocomial infections and transfusion practice.
Because of these issues and changing patterns of pRBC utilization in the ICU, we sought to determine the relationship, if any, between pRBC transfusion and ICU-acquired bacteremia. We conducted a secondary analysis of a large, multicenter, prospective observational trial to explore both transfusion practice and outcomes in the ICU.
Materials and Methods

Primary Study Synopsis
Between August 2000 and April 2001, 284 adult ICUs in the United States participated in the CRIT study; the details and primary results from this trial have been described previously. 12 The study prospectively tracked the utilization of pRBCs in critically ill patients and included nearly 5,000 individuals. Researchers frequently evaluated enrolled patients as to their clinical status and recorded outcomes including survival, ICU length of stay, need for surgical procedures, and development of infection. Subjects were followed up until death, hospital discharge, or up to 30 days after ICU admission, which ever came first. The present project represents a secondary, subgroup analysis of the larger trial. The institutional review board of each participating hospital approved the original study.
Subjects and End Points
All subjects expected to remain in the ICU for at least 48 h were included in this study. We excluded from evaluation all patients with a BSI on ICU admission. Additionally, to limit the confounding from BSIs related to infections arising prior to ICU admission, we further excluded those persons who acquired a BSI within the first 48 h of ICU hospitalization. In other words, only patients lacking a BSI both at admission to the ICU and 48 h later comprised the "at-risk" population of interest. Documentation of a new BSI infection represented our primary end point. We did not distinguish between primary and secondary BSIs. For patients who were admitted to the ICU more than once, only the first ICU stay was studied. Moreover, among those with more than one BSI diagnosed during their ICU admission, the initial BSI served as the end point. Documentation of a BSI required a positive blood culture result that was believed by the investigator not to represent a contaminant. The definition of a contaminant was left to the investigator in accordance with standard infectioncontrol accounting guidelines for identifying nosocomial infections.
Analysis of Potential Risk Factors
We compared patients who acquired a BSI while in the ICU to those who did not. Rates of pRBC transfusion and numbers of pRBC units transfused were compared between the two groups. For individuals with BSIs, we only analyzed pRBCs administered prior to the diagnosis of the BSI. Since pRBCs transfused after the discovery of a BSI could not logically be causally linked to the BSI, we specifically controlled for this potential confounder. Other variables recorded included patient demographics, primary admitting diagnosis, and ICU type (medical, surgical, or mixed). Severity of illness was measured with both the APACHE (acute physiology and chronic health evaluation) II score and the sequential organ failure assessment (SOFA) score. 13, 14 Because we restricted our investigation to patients who lacked BSIs at 48 h after ICU admission, we also noted severity of illness at days 3 to 4 (SOFA). Chronic comorbid medical conditions such as cardiac disease, malignancy, and renal disorders were documented. Process-of-care variables such as need for mechanical ventilation (MV), placement of a CVC, use of parenteral nutrition, and treatment with antibiotics at admission to the ICU represented additional variables of interest. Baseline treatment with antibiotics was subcategorized as to antibiotic class (eg, quinolones, macrolides) To control for confounding due to differences in ICU length of stay and therefore the time observed for the development of a BSI, we measured duration of ICU stay. We measured ICU length of stay prior to the diagnosis of a BSI in the subjects who acquired a BSI. This was done for two reasons: (1) to allow us to correct for this potential confounder, and (2) to asses if any differences we observed simply reflected differences in the time the patient was considered "at risk" for a BSI. To be conservative, for those without a BSI diagnosis, we counted the entire ICU length of stay as the time at risk.
Statistical Analysis
For univariate analysis, continuous variables are reported as mean Ϯ SD and were assessed using univariate logistic regression. Categorical variables are reported as frequency distributions and were analyzed with the 2 test unless the sample size was small and then we employed the Fisher exact test.
Multivariate logistic regression was used to identify independent variables associated with the diagnosis of a new BSI. Factors significant at the 0.2 level were entered into the model in a stepwise elimination process. Adjustments were made for colinearity. We report adjusted odds ratios (ORs) and their corresponding 95% confidence intervals (CIs). All tests were two tailed, and a p value Ͻ 0.05 was predetermined to represent statistical significance. Analyses were completed using statistical software (SAS 8.2; SAS Institute; Cary, NC).
Results
The original CRIT trial enrolled 4,892 subjects, and 1,390 patients were excluded from the present analysis. 12 Of the 1,390 patients, 1,153 were discharged early from ICU, 94 died early in the study, and 143 were either admitted with a BSI or had one diagnosed within 48 h after ICU admission. Of the remaining 3,502 individuals, 117 patients (3.3%) acquired a new BSI. The median length of stay in the ICU prior to the onset of a BSI was 11 days (range, 5 to 29 days)
As shown in Table 1 , gender did not correlate with BSI. However, patients with BSIs were younger than those without this complication (56.7 Ϯ 16.4 years vs 60.3 Ϯ 18.1 years, p ϭ 0.037) [mean Ϯ SD]. There was a trend toward two admitting diagnoses being more frequent in those with BSIs: postoperative admission and trauma. Although postoperative patients accounted for only one in five persons in the data set, more than one in four BSIs occurred in this population (p ϭ 0.052). Similarly, trauma patients were 1.53 times (95% CI, 0.93 to 2.44; p ϭ 0.096) more likely to have an ICU-acquired, nosocomial BSI than were nontrauma patients. The most frequent comorbid illnesses in the population were hypertension (44.7%) and cardiac disease (40.1%). Approximately one in six subjects had a malignancy. The distribution of chronic medical conditions, however, did not correlate with BSIs (Table 1) .
With respect to severity of illness, the baseline APACHE II score was higher among persons with an ICU-acquired BSI (22.3 Ϯ 8.1 vs 20.5 Ϯ 8.0, p ϭ 0.013). The day 3-4 SOFA score was also significantly higher in patients who acquired a BSI subsequently (7.7 Ϯ 4.3 vs 5.4 Ϯ 3.8, p Ͻ 0.001). On average (Table 1) , subjects with a BSI were hospitalized in the ICU longer before the diagnosis of the BSI than those without infection (11.5 Ϯ 5.7 days vs 8.9 Ϯ 7.2 days, p Ͻ 0.001).
Several process-of-care variables correlated in univariate analysis with the development of a nosocomial BSI. Having a CVC placed, for instance, heightened the risk for bacteremia nearly 50% (OR, 1.56; 95% CI, 1.04 to 2.32; p ϭ 0.030). Need for MV on admission, however, was not associated with BSI. The relationship between BSI and either use of parenteral nutrition or treatment with antibiotics at admission to the ICU only approached statistical significance (p ϭ 0.067 and 0.074, respectively). When analyzing classes of antibiotics, though, there was a positive relationship between utilization of cephalosporins and later bacteremia.
Half of the study population received pRBC transfusions at some point during their ICU stay. More than three fourths of patients with an ICU-related BSI received pRBCs, compared to 48.7% of patients without this complication (p Ͻ 0.001). In addition to being more likely to be administered pRBCs, patients with later BSIs received on average more units of pRBCs (4.0 Ϯ 4.6 U vs 2.3 Ϯ 4.3 U, p Ͻ 0.001). Figure 1 reveals the unadjusted relationship between transfusion amount and BSI and demonstrates that with increasing rates of transfusion there was a related rise in the incidence of BSIs.
In multivariate analysis, three variables remained independently associated with ICU-acquired BSIs (Table 2 ). Subjects treated with cephalosporins faced an increased risk for subsequent ICU BSIs (OR, 1.84; 95% CI, 1.26 to 2.68; p ϭ 0.002). Severity of illness on days 3 to 4 as measured by SOFA score was also positively related to the diagnosis of later BSI. For each 1-point increase in SOFA score, the probability for BSI increased by Ͼ 10% (OR, 1.11; 95% CI, 1.06 to 1.16; p Ͻ 0.001). Transfusion remained the only other significant correlate of ICU-acquired bacteremia. Transfusion more than doubled the likelihood of BSI (OR, 2.23; 95% CI, 1.43 to 3.52; p Ͻ 0.001). This effect was independent of the time hospitalized in the ICU. Additionally, as show in Table 2 , the probability of a BSI increased as the number of units of pRBCs administered escalated.
Discussion
This analysis of a large, multicenter, prospective, observational registry of critically ill patients reveals that pRBC transfusion is independently associated with ICU-acquired BSI. This relationship is independent of a number of potential confounders, including severity of illness both at admission and later during the ICU stay, and is also independent of ICU length of stay. Additionally, we detected a correlation between pRBC transfusion and BSI with both small and large transfusion volumes. This suggests that there was no clear "threshold effect" at which transfusion amount increased the probability of ICU-acquired bacteremia.
Although prior investigations 10, 11 have documented a link between transfusion and nosocomial infection, few reports have specifically focused on BSIs. Taylor and colleagues, 11 for example, observed an increased risk for nosocomial infection in a mixed cohort of critically ill patients. Their retrospective study of Ͼ 1,700 patients suggested that pRBC transfusion heightened the risk for nosocomial infection; however, they pooled several types of infections into a combined end point and did not break out specific rates for BSIs. Among trauma patients, multiple authors have implicated transfusion as a potential contributor to the relatively high rates of nosocomial infection seen in this population. Agarwal et al 15 retrospectively analyzed 5,366 consecutive trauma admissions and explored predictors of infection. In their population, BSI was the third-mostprevalent infection. After controlling for multiple confounders to include type of trauma, presence or absence of shock, and Glasgow coma score, only severity of illness (as measured by the injury severity score) and transfusion remained significant predictors of infection. The finding that both severity of illness and transfusion relate to subsequent BSI is consistent with our results. Similarly, Claridge and coworkers 10 evaluated the effects of pRBC transfusion on infection in trauma patients and documented that transfusion not only increases the likelihood of later infection but does so in a dose-dependent fashion.
Limited information exists regarding transfusion and ICU-acquired BSIs. Most descriptions of predictors of nosocomial bacteremia have not examined a potential role for transfusion. Laupland and coworkers 4 documented an ICU-acquired BSI rate of 4.4%, similar to our rate of approximately 3%, in a large data set from multiple hospitals in Canada. They also illustrated the impact of BSIs as it relates to increasing both morbidity and mortality. 4 Although they stated that a lower hematocrit was an independent predictor of BSI, they lacked information on transfusion. However, some researchers have observed a nexus between transfusion and BSI but have not specifically focused on the ICU. In a case-control study of all hospital-acquired bacteremias by Duggan et al, 16 the adjusted OR for BSI for transfusion measured 2.74 (95% CI, 1.28 to 5.88). This magnitude of effect parallels what we have noted in a more selected population. In the outpatient setting, transfusion may also alter the risk for bacteremia. Among cancer patients with long-term venous catheters, Hanna and Raad 17 reported that use of blood products through the catheter was the only independent predictor of catheter-related BSIs.
In short, several analyses indicated a strong association between transfusion and both non-ICUrelated bacteremias and nosocomial infections in general. Our observations bolster the hypothesis that transfusion practice is associated with rates of nosocomial infection. Unlike many earlier reports, we relied on prospective data from a large cohort of critically ill subjects. Additionally, we explored a specific type of infection. In contrast to other infections that rely on clinical criteria for diagnosis, and thus may be prone to overdiagnosis (eg, as ventilatorassociated pneumonia), bacteremia has a precise definition. Other unique aspects of our effort include the relatively large sample size and the fact that we had information regarding severity of illness both at admission and later in the ICU course.
Beyond transfusion, use of cephalosporins and severity of illness were linked with BSI. As noted above, severity of illness has previously been shown to correlate with a number of nosocomial infections.
The relationship between cephalosporins and later BSI may reflect issues with selection pressure or the fact that certain cephalosporins such as ceftazadime are associated with the emergence of resistant pathogens and superinfection. 18 Lack of precise information regarding which specific agents were employed, however, limits our ability to speculate. Cephalosporins as a class were the most commonly administered antimicrobials, so that treatment with cephalosporins may be a marker for some other factor we were not able to expressly control for in our modeling.
Biologically, pRBC transfusion might alter the risk for BSI by perturbing the host's cytokine profile. In vitro models have revealed that transfusion leads to activation of various parts of the cytokine cascade. 19 Conversely, in vivo, in patients undergoing cardiopulmonary bypass, transfusion results in a significant rise in proinflammatory cytokines such as interleukin-6. 20 Direct measurement of cytokines in stored pRBCs reveals high levels of interleukin-6 that persist throughout the storage of the product. 21 Furthermore WBCs from the donor that are not removed from the pRBCs could promote T-cell activation. 22 In turn, this could result in subtle changes in the host's immune status, which predispose him/her to infection. The recent Canadian experience with universal leukoreduction, however, suggests that more than the donor's WBCs are involved in this process. 23 In a retrospective analysis of Ͼ 14,000 patients before and after institution of a universal leukoreduction program, Hebert et al 23 failed to note a change in the rate of serious nosocomial infections.
Our study has several important limitations. First, although the data for the project were prospectively collected, this is a retrospective assessment with all the attendant limitations of this approach. Specifically, our methods only allow us to demonstrate association and not causation. As such, our findings should be viewed as hypothesis generating. However, unlike most retrospective reports, including those from other large administrative data sets, our primary end point was prospectively defined. Second, our results may be confounded by some variable(s) we could not take into account. For example, we lacked information on some process-of-care issues such as types and locations of CVCs placed. Additionally, ICU nurse-to-patient ratios have been shown to predict nosocomial infection and we could not adjust for this. 24 Severity of illness represents another potential confounder. We attempted to ensure that our findings simply do not reflect the fact that more severely ill patients remain in the ICU longer and are exposed to more transfusions. Unfortunately, we did not have daily severity-of-illness scores, and hence cannot entirely exclude that our results may have been affected by this possibility.
Daily data on severity of illness would have allowed us to more precisely control for changes in severity of illness over time. Third, events outside the ICU might affect the rate of BSIs. We only possessed data regarding the patient's ICU course. To attempt to address this, we precisely defined the at-risk cohort as only patients who had been in the ICU for at least 48 h and who lacked a BSI up until that point. Although this approach should help control for non-ICU factors, it does not guarantee that such issues did not bias our observations. Relatedly, we did not have access to information regarding transfusion prior to ICU admission. We also did not have microbiology results from cultures. Finally, use of other blood products was not recorded. Although not thought to affect the immune system to the extent that pRBC transfusion can, both platelet transfusion and administration of fresh frozen plasma may influence the immune system. 25 Of note, one author concluded that there "are no studies that substantiate the concept that platelets inherently facilitate microbial pathogenesis . . . or inhibit the immune response." 26 In summary, we noted a positive relationship between pRBC transfusion and ICU-acquired BSI. Patients receiving pRBCs were more than twice as likely as those who did not receive pRBCs to acquire a BSI. This association was independent of multiple confounders, including severity of illness, underlying diagnosis, use of antimicrobials, and ICU length of stay. As evidence mounts that pRBC transfusions are associated with higher rates of subsequent nosocomial infection, physicians need to more carefully consider their decisions about when and if their patients should receive transfusions. Future prospective trials of transfusion practice need to capture nosocomial infection as a specific end point.
